Eelgrass (Zostera marina) beds provide important habitat and food sources for a wide range of associated species both above-and belowground. Organic enrichment and nutrient loading from anthropogenic sources can change eelgrass canopy structure and macroinfauna community composition, making them important indicators of ecosystem health. In Atlantic Canada, there is growing concern about the impacts of finfish aquaculture on eelgrass habitats. To quantify these effects, we examined differences in environmental parameters, eelgrass bed structure and macroinfauna communities at increasing distances from a finfish farm in Port Mouton Bay, Nova Scotia and a reference site in an adjacent bay. We also compared the results to recently published large-scale survey results from the Atlantic coast. Results indicate increased organic enrichment and decreased eelgrass biomass, shoot density, and macroinfauna biomass closer to the farm.
216 pattern of the macroinfauna community based on the abundance and biomass data and individual 217 SIMPER species. We then used a permutation test to determine the significance level of the 218 sample statistic (rho).
219
All PERMANOVA, cluster, ABC and BIOENV analyses were carried out using PRIMER 220 (version 6.1.11) with PERMANOVA+ (version 1.0.1, PRIMER-E, Plymouth).
222 RESULTS
223 Environmental parameters and eelgrass bed structure 224 Bottom temperature ranged from 12-15 o C between the four sites and sampling depth ranged 225 from 1.7-2.9 m (Table 1) . Sediment organic content differed between sites (Table 2) , with SI and 226 OW having significantly higher organic content than CB and PJ, and SI also having higher 227 values compared to average Nova Scotia (NS) sites ( Fig. 2a ). Microphytobenthos did not differ 228 significantly between sites, although higher average values were observed at the three Port 229 Mouton Bay sites compared to PJ (Table 2 , Fig. 2b ), but these were comparable to average NS 230 sites. There were significant site effects in both the multi-and univariate analyses of the cover of 231 annual algae and hydroids (Table 2) with CB and PJ having significantly more annual algae 232 cover and SI having significantly more hydroids (Fig. 2c ). Hydroid cover at SI and annual algal 233 cover at CB were much higher compared to average NS sites. No significant differences were 234 found in the multivariate analysis for above-(AG) and below-ground (BG) tissue nitrogen (%N, 235 Table 2 ). For AG %N, however, the three Port Mouton sites had slightly enhanced values 236 compared to PJ and average NS sites ( Fig. 2d ). Both AG and BG carbon (δ 13 C) and nitrogen 237 (δ 15 N) stable-isotope ratios significantly differed between sites ( Table 2 , Fig. 2e , f), with CB 238 having higher AG δ 13 C than the other sites and CB and SI having higher BG δ 13 C than PJ. For 239 both AG and BG δ 15 N, SI and OW had lower values than CB and PJ, while average NS sites 240 were in the middle.
241
Multivariate PERMANOVA detected no significant differences for shoot density and canopy 242 height across sites (Table 2) . Looking at the overall patterns, however, SI and CB had lower 243 shoot density than the other sites including average NS sites ( Fig. 3a ), while canopy height was 244 more similar across sites except for lower values in CB ( Fig. 3b ). Eelgrass cover ( Fig. 3c ) as well 245 as both AG and BG biomass decreased at sites closer to the fish farm ( Fig. 3d ), but this was only 246 significant for AG biomass (Table 2) . Post-hoc tests revealed that SI and CB had significantly 247 lower AG biomass than PJ, which were also lower compared to average NS sites.
248
249 Macroinfauna community 250 A total of 20 macroinfauna genera were identified across all sites, 10 of which were identified to 251 the species level. Due to the overall low number of species and high variability, univariate 252 PERMANOVA did not detect any significant differences in the summary measures of total 253 abundance (pseudo-F 3,20 = 1.45, p = 0.2), total biomass (pseudo-F 3,20 = 1.67, p = 0.12), species 254 richness (pseudo-F 3,20 = 0.56, p = 0.65), or diversity (pseudo-F 3,20 = 0.83, p = 0.49) of 255 macroinfauna between sites. However, the three sites in Port Mouton Bay tended to have lower 256 macroinfaunal biomass, richness and diversity compared to PJ and average NS sites ( Fig. 4b-d ),
257 while abundance was lowest at CB ( Fig. 4a ).
258
The ABC curves for cumulative dominance showed that the macroinfauna biomass were 259 distinctly above the abundance curve for both CB and PJ ( Fig. 5b, d ), indicating unpolluted 260 conditions. The biomass and abundance curves for SI approached each other but did no overlap 261 ( Fig. 5a ), suggesting that this site is approaching moderately polluted conditions. The OW site 262 was the only site where the abundance curve lied above the biomass curve ( Fig. 5c ), indicating 263 polluted conditions.
264
Macroinfauna community composition based on both abundance and biomass did differ 265 significantly between sites (multivariate PERMANOVA: pseudo-F 3,20 = 2.3, p = 0.005 and 266 pseudo-F 3,20 = 2.2, p = 0.003; respectively). Cluster analysis of centroids based on infauna 267 abundance data ( Fig. 6a ) showed a clustering of SI and OW, which were the more polluted sites 268 as identified by the ABC curves, while cluster analysis of infauna biomass data ( Fig. 6b (Table 4 ). Both the abundance and biomass of C. capitata were most 290 correlated to the percent cover of hydroids (%H), while the next best correlations included SOC 291 and MPB. In contrast, the other species were more correlated with eelgrass bed structure, with 292 BG eelgrass biomass being the most important (Table 4 ).
294 DISCUSSION
295 Our study quantitatively assessed the potential impacts of finfish aquaculture on eelgrass bed 296 structure and associated macroinfaunal communities in Atlantic Canada. Our results show that 297 eelgrass biomass, shoot density and percent cover all decreased closer towards the finfish farm.
298 Macroinfauna biomass and abundance were also reduced closer to the fish farm with 299 significantly altered species composition. Importantly, the opportunistic polychaete Capitella (Nagel et al., 2018) . However, this seemed to be distributed throughout 353 the bay, as there was no higher tissue content at the fish farm site (SI). We also did not find . This may be explained by the fact 366 that production at the fish farm ceased 5 months prior to our sampling in July due to a super chill 367 event that killed all the fish, allowing time for the δ 15 N in the eelgrass tissue to be adequately 368 used or cycled within the system. This may also explain why we did not measure enhanced tissue 369 nitrogen content directly at the Spectacle Island site, but rather throughout Port Mouton Bay.
370
For carbon δ 13 C, a more negative isotopic signature represents the input of 13 C-depleted 371 carbon from the decomposition of organic material (Hemminga & Mateo 1996) . Particularly in 372 the below-ground roots and rhizomes δ 13 C, we found a clear pattern of less negative δ 13 C further 373 away from the finfish farm. Similar patterns of less negative δ 13 C further away from the source 
Figure 6
Cluster analysis using infauna community centroids Cluster analysis using infauna community centroids based on abundance (left) and biomass (right) at the four study sites with differing distances from a finfish farm in Nova Scotia, Canada. See Table 1 for site abbreviations and details.
